The menopause transition is a time when women experience an increased risk for new onset depression, as well as relapse of depression. While there are overlapping symptoms between major depression and depression during menopause, differences suggest 'perimenopausal depression' may be a unique subtype of depression associated with characteristic symptoms. There is currently no validated scale designed to measure perimenopausal depression. The aim of the current study was to develop and validate the 'Meno-D', a self-reporting or clinician rated questionnaire, designed to rate the severity of symptoms of perimenopausal depression. The development phase of the Meno-D involved literature review, clinical observation, and focus groups. A 12-item questionnaire was developed and clinically reviewed for face validity for content. The Meno-D was administered to women experiencing symptoms of perimenopausal depression as part of a larger baseline assessment battery. Validation involved confirmatory factor analysis (CFA). The development of the Meno-D resulted in 12 items. A total of 93 participants with perimenopausal depression were involved in the baseline assessments, 82 completed the Meno-D. Factor analysis identified five subscales of the Meno-D "somatic; cognitive; self; sleep; sexual" with high-internal consistency; discriminant validity and a good construct and convergent validity. The Meno-D provides a unique tool for clinicians and researchers to measure the presence of perimenopausal depression.
Introduction
Women have approximately twice the risk of developing depression or anxiety disorders compared to men 1, 2 . The menopause transition is a time when women are at an increased risk for new onset depression, as well as relapse for women with a history of depression [3] [4] [5] [6] . While there are many overlapping symptoms between major depressive disorder and depression occurring during the menopause transition, there are also key differences that indicate 'perimenopausal depression' may be a unique subtype of depression 3 . The diagnosis and quantification of perimenopausal depression requires a new rating scale to reflect the unique subset of symptoms. This study presents the development and validation of a novel scale specifically designed to measure the severity of perimenopausal depression symptoms.
The perimenopausal period refers to the interval immediately preceding menopause, when women transition from a reproductive to a non-reproductive state, until menopause, when menses have ceased for a period of at least 12 months. The perimenopausal period typically begins for women during their mid-to late 40s with a number of physical and mental health changes which continue for~4-5 years before menopause is reached 7 . The Stages of Reproductive Aging Workshop (STRAW) criteria provide the gold standard for characterizing reproductive aging through reproductive stages and menopause 8 . The STRAW recommends that the late reproductive stage is accompanied with subtle endocrine changes that transition into a perimenopausal period that includes an 'early' and 'late' transition phase as well as the 'early' stage of postmenopause 9 .
The perimenopausal period encompasses a range of endocrine changes that can be accompanied by varied biological and emotional symptoms. Menstrual cycle changes typically commence with irregularities in cycle length and progress to cessation of menses. Endocrine features include changes to FSH, estradiol, AMH, and ihibin-B; although, the STRAW recommendations are based on qualitative FSH criteria 9 . Vasomotor symptoms, comprising hot flushes and night sweats are the most common menopausal symptom 10 . Perimenopausal women are at an increased risk of developing depression and anxiety, as compared to pre or postmenopausal women, even after adjusting for variables such as personal history of depression, vasomotor symptoms, stressful life events and other demographic factors, such as age, race and socioeconomic status 5, 11, 12 . It has been estimated that 20% of perimenopausal women present to their primary healthcare physician with depressive symptoms 13 . The spectrum of symptoms that are characteristic of perimenopausal depression include both physical and psychological symptoms. Muscle pain, weight gain, low energy levels, decreased self-esteem, feelings of isolation, cognitive impairment, and decreased libido have all been described in women with perimenopausal depression 3, 14, 15 . Although these symptoms overlap with major depressive symptoms endured by women not experiencing menopause, some key characteristics appear to differentiate perimenopausal depression. Perimenopausal depression is associated with a milder mood presentation when compared to depression experienced by women during childbearing years 16 . Major depression is often characterized by sadness; whereas, the mood symptom profile associated with perimenopausal depression comprises anger, irritability, and paranoia which may manifest as verbal outbursts often over minor stressors, and out of character of the women experiencing these symptoms 17 . Worsley et al. 17 described their observations of perimenopausal women who experience episodes of mood changes as an 'on-off' phenomenon that may last for min to hours and then spontaneously resolve. In comparison to childbearing aged depressed women, perimenopausal depression is associated with increased fatigue and decreased energy levels that are independent of sleep disturbance 3, [16] [17] [18] . Hence, while further research is needed to categorically differentiate perimenopausal depression from other depression subtypes there does appear to be a unique symptom profile associated with perimenopausal depression.
The etiology of perimenopausal depression fits well within a biopsychosocial model. Significant hormonal changes occurring in the hypothalamic-pituitary-gonadal axis have direct effects on brain regions and neurotransmitter systems involved in the modulation of mood 19 . For example, there is now a substantial evidence base supporting the influence estrogens and progesterone have on numerous CNS processes (such as reducing inflammation, increasing neurogenesis, and neuronal regeneration), as well as their capacity to modulate dopaminergic and serotonergic transmission 20 . Gonadal hormones also interact with the other major endocrine axis, the hypothalamic-pituitary-adrenal axis, with evidence indicating hypothalamic-pituitary-adrenal axis dysregulation may contribute to increased depression risk or exacerbated sensitivity to stressful situations 21 . A further biological influence on depression risk is age at onset of menopause, as well as the duration of the reproductive years. Older age at menopause, and a longer reproductive period have both been associated with a reduced risk of menopausal depression 22 . These biological influences and predispositions are likely to interact with several psychosocial factors that coincide with menopausal years such as perception of aging and childbearing status, life habits, and stressful family/life roles. The societal and individual perspective on age, such as the tendency to value youth more than the elderly, can impact the likelihood of depression during menopause 3 . Communities that place more value on elders have lower rates of depressive symptoms during perimenopause. Smoking and limited physical activity may also leave a woman susceptible to these symptoms 23 . Additionally, the stress of caring for children or elderly parents, or disharmonious family relationships have been linked to higher rates of depressive symptoms during perimenopause 3, 24 . Collectively, research suggests that perimenopausal depression is a subtype of depression with a unique etiology and specific symptom characteristics. In line with this, there are several studies indicating that women experiencing perimenopausal depression may respond differently to antidepressant medications as compared to women experiencing depression outside of the menopause transition 25 . Future research is needed to determine optimal clinical management of perimenopausal depression, considering risk-to-benefit ratios of hormonal compared with antidepressant therapies, as well as psychosocial interventions.
Over the past decade, interest in the relationship between depression and perimenopause has increased. While a number of validated depression rating scales exist, there is no validated scale specifically designed to measure or monitor the symptom profile associated with perimenopausal depression. For example, depression scales, such as the Beck Depression Inventory II 26 or Montgomery and Asberg Depression Rating Scale 27 (both often used in this population) do not have questions specifically targeting paranoid thinking, memory problems or the experience (rather than impact of) somatic symptoms that are specific and critical to the depression experienced in menopause. The MenopauseSpecific Quality of Life (MENQOL) 28 questionnaire captures some aspects of depression, anxiety, poor sleep, and poor memory, but does not specifically rate concentration problems, self-esteem or social withdrawal. Hence, the aim of the current study was to develop and validate a questionnaire, called the "Meno-D" as shown in Table 1 , designed to capture and rate the severity of the characteristics symptoms of perimenopausal depression.
Method

Questionnaire development
The psychological symptoms of menopause were identified through literature review, clinical observation, and experience plus the use of focus groups, which included perimenopausal women mental health clinicians and physicians. Careful attention was paid to symptoms experienced by women between 43 and 54 years, in both physical and mental health domains. Themes of commonly repeated symptoms were identified and developed into the questionnaire. Twelve symptom areas were identified, which are related to energy, paranoia, irritability, self-esteem, isolation, anxiety, somatic symptoms, sleep, weight, sexual interest, memory, and concentration. Each of the 12 symptoms, are rated on a scale from 0 to 4. The total score can range from 0 to 48.
Face validity of the questionnaire content was obtained by review and discussion with 6 psychiatrists, 10 mental health nurses and 2 endocrinologists. The Meno-D questionnaire was designed to be used either as a selfreporting tool, or as a questionnaire to be delivered by a clinician during an interview with the woman.
Meno-D data validation studies
The Meno-D was administered as part of a baseline assessment for two separate studies (see inclusion/exclusion criteria in Supplementary material). The data were pooled and analyzed. Both studies were recruiting women experiencing symptoms of perimenopausal depression and are aged between 45 and 65 years. The first study was a randomized controlled trial investigating a novel treatment for perimenopausal depression and only baseline data for 39 perimenopausal women was gathered and used for the analysis (Clinical trials registration number ClinicalTrials.gov: NCT01470092). The second study is looking at factors that increase the risk of anxiety in perimenopausal women and 54 patients and their data were used in this study. This provided a total of 93 Of relevance to the current study, the MINI 29 was used to confirm diagnosis (e.g., MDD) or confirm that participants did not meet other DSM IV diagnostic criteria (No Diagnosis category) and data are presented in Table 2 to demonstrate the diagnostic spread of the current sample. The STRAW 30 was used for menopause staging and basic demographic information was incorporated into the analyses. 
Data analysis
The factor model was explored with confirmatory factor analysis (CFA) conducted with AMOS (version 22) using the Maximum likelihood estimation. The data's covariance fit for the tested factor models was examined. A five factor model was deemed to be conceptually compatible with the theory framework that stem from the literature review of perimenopause depression syndromes and the vast clinical expertize of the focus group (psychiatrists, clinicians, and social workers) who were involved with the scale development. In this study, the five factor model was compared to a default single-factor model.
The two models were compared using the following criterion-based and goodness of fit indices: model χ Furthermore, convergent validity was assessed by the average variance extracted (AVE) with values above .50 demonstrating a convincing and compelling evidence of convergent validity 32 . Internal consistency was evaluated through composite reliability (CR) with values above .70 indicating good internal consistency 33 . Discriminant validity was assessed by the heterotrait-monotrait ratio (HTMT) of the correlations as proposed by Henseler et al. 34 . The discriminant validity (by the HTMT method) compared the model HTMT ratio to the threshold of .85 35 . This was performed with SmartPLS software.
Results
Participants
The final sample included 93 patients, of which 82 completed the Meno-D. The mean age of the respondents was 50.54 (SD = 4.446), mostly married (57%) and the majority was Caucasian (87%). The characteristics of the respondents are shown in Table 2 .
The results for the CFA for the two models, are shown in Table 3 . In the one factor model, all item-factor loadings (standardized regression weights) were significant (p < 0.05). However, items 7 (Somatic symptoms), 9 (weight changes), and 10 (sexual interest) showed poor factor loadings (<0.40). Furthermore, the fit indices indicated unacceptable factor solution. See Table 3 .
The five factor model item-factor loadings were significant (p < 0.001). Items 2 (Paranoid thinking), Item 4 (Self-esteem), Item 5 (Isolation) and Item 6 (Anxiety) loaded highly (>0.70) on a common latent construct named "Self". Items 7 (Weight changes) and Item 9 (Somatic symptoms) loaded highly on another construct named "Somatic" factor. However, Item 10 (Sexual interest) and Item 1 (low energy) loaded on a separate factor named "Sexual" factor. Items 11 and 12 (representing memory and concentration, respectively) both loaded highly on a factor named "Cognition". Item 8 (sleep disturbances) and Item 3 (irritability) loaded on a factor named "Sleep" (Fig. 1 ). There were no cross loadings of items on factors. The model fit indices were acceptable and superior to the one factor model. Results are shown in Table 3 .
Validity and reliability
As Table 4 shows, the five sub-scales of the Meno-D exhibit high-internal consistency with values of composite reliability above the cutoff point of .70. Results from the HTMT ratio of correlations indicated discriminant validity. The AVE values were above the threshold of .5 suggesting a good construct and convergent validity 35 .
Discussion
Recent literature suggests that perimenopausal depression is a unique subtype of depression, with characteristic symptoms, etiology, and course that are distinct from other depression subtypes. The primary aim of the current study was to develop and validate a 12-item questionnaire (either self-administered or clinician rated) to measure and rate the severity for perimenopausal depression, the Meno-D. Factor analysis identified five sub-scales of the Meno-D "self; somatic; cognitive; sleep; sexual" with high-internal consistency; discriminant validity and a good construct and convergent validity.
Factor analyses indicated that the Meno-D is composed of five factors, each with good reliability. The first factor represents 'self' and is comprising the following items: self-esteem, isolation, paranoid thinking, and anxiety and allows assessment of whether the patient is experiencing paranoid thinking such as guilty feelings or suspicious thoughts, decreased self-esteem (poorer self-esteem), less interest in socializing and feelings of anxiety. The second factor, 'sexual' refers to changes in libido and sexual activity as well as assessing whether the patient has experienced a decrease in energy. The third factor, 'somatic' reflects somatic symptoms, any physical pain and changes in weight. The 'cognitive' factor captures any subjective changes in memory and concentration and the final factor 'sleep' can monitor any increases in irritability and/or sleep disturbances.
Previous studies have reported that women experiencing perimenopausal depression complain about physical symptoms more than cognitive ones, which are not typically included in previous scales assessing for major depressive disorder 28 . This may explain why perimenopausal depression is often overlooked or left undiagnosed. Jagtap et al. 36 used the Mini International Neuropsychiatric Interview (MINI) to highlight the most common perimenopausal complaints, which were found to be irritability (45%), headache (39.8%), body ache (34.3%), sleep disturbance (33.3%), and joint pains (35%). These physical aspects of perimenopausal depression are all considered and measured in the Meno-D.
The Meno-D will support a growing research field, interfacing both psychiatry and endocrinology, which indicates that perimenopausal depression is a unique subtype of depression requiring a different management approach, most likely with gonadal hormone treatment. Varied treatment options with mixed effects have been reported for perimenopausal depression symptoms. Selective serotonin reuptake inhibitors (SSRI) and serotonin noradrenaline reuptake inhibitors (SNRI) treatments remain the most popular pharmacological treatment choices for depressive symptoms during menopause, with varying outcomes 37 . However, hormone replacement therapy (HRT) has been demonstrated to improve or even replace SSRI treatment in women aged over 50 years 38, 39 . A double-blind, randomized, placebocontrolled trial showed that transdermal estradiol treatment has significant antidepressant effect in depressed perimenopausal women 25 . Three case studies of women taking tibolone, an oral hormone treatment, describe improved mood within 6-8 weeks of taking tibolone 40 . For women who prefer not to use medication to treat perimenopausal depression, a range of cognitive-behavioral, behavioral, and mindfulness-based therapies have been found effective in reducing severity of symptoms, especially cognitive-behavioral therapy (CBT) 37 . Of these non-pharmacological trials, CBT appears to have demonstrated the most beneficial effect and has been found to reduce depressive symptoms by at least 50% for half of participants, and achieve complete remission for just over 25% of participants 41 . Clinicians managing women in midlife, should consider perimenopausal depression to be a subtype of major depressive disorder and use a tailored treatment approach that takes note of menopause stage, psychosocial stressors, physical health, and past depression history.
There limitations in our study include the relatively small sample size and cross-sectional design. Using the Meno-D in larger sample sizes in the future would allow sensitivity and specificity analyses. Longitudinal studies would also allow for evaluation of the Meno-D sensitivity across STAW defined menopause stages, as well as for measurement of treatment response. Future research may also benefit from looking at the relationship between the Meno-D and lifestyle factors, such as alcohol and substance use.
In summary, the Meno-D provides a unique tool for clinicians, researchers, and women patients to measure the presence and severity of perimenopausal depression. Having a reliable tool to aid in the diagnosis of perimenopausal depression is very important in research of this relatively neglected area of women's health. Clinically, it is very important to accurately detect and diagnose perimenopausal depression as early as possible to enable more specific treatments, such as hormone treatment strategies to be used. Early diagnosis of perimenopausal depression is critical to provide tailored treatments to improve the quality of life for women experiencing perimenopausal depression.
